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(57) ABSTRACT 

A method of operating a Wind farm that includes a plurality 
of Wind turbine generators (WTGs) includes generating 
Wind turbine generator (WTG) availability data for each 
WTG. The method also includes generating Wide-area 
meteorological data for a ?rst geographical region. The 
method further includes generating narrow-area meteoro 
logical forecast data for a second geographical region by 
transmitting at least a portion of the Wide-area meteorologi 
cal data to at least one resident narrow-area meteorological 
forecast algorithm. The ?rst geographical region includes at 
least a portion of the second geographical region. The 
method also includes generating electric poWer production 
forecast data by using at least one resident electric poWer 
production forecast algorithm to manipulate the WTG avail 
ability data and the narrow-area meteorological forecast 
data. 
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METHOD AND APPARATUS FOR 
OPERATING WIND TURBINE GENERATORS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to Wind turbine 
generators and more particularly, to methods and apparatus 
for operating Wind turbine generators. 
[0002] Wind energy is sometimes used to generate elec 
trical poWer via some knoWn Wind turbine generators 
(WTGs) using the rotation of large Wind turbines to drive 
electrical generators. Pluralities of WTGs are sometimes 
congregated Within a predetermined geographical region to 
form poWer plants. Such poWer plants are often referred to 
as Wind farms or Wind poWer plants. Because Wind speed 
and direction may change With time, electric poWer output 
from the generators of a Wind farm may also change With 
time. Generally, such Wind farms are integrated into an 
electric poWer system. A group of electric poWer systems, 
other electric poWer plants, and associated infrastructure 
spread over a geographical region is sometimes referred to 
as a grid. Such other electric poWer plants are typically 
plants that generate electric poWer from coal, steam, a 
combustible ?uid, Water, and/or solar energy and may also 
include, but are not limited to, gas turbine poWer stations, 
nuclear poWer plants, or even other Wind farms. Variations 
in electric poWer output from such Wind farms may cause 
variations not only in an amount of electric poWer ?oWing 
from the Wind farm but also the frequency of the grid to 
Which the electrical poWer is delivered for subsequent 
consumption thereof. A decrease in electric poWer output 
from the Wind farm may cause a de?ciency in electric poWer 
delivered to a local region of the grid in Which the Wind farm 
is embedded, as Well as electric poWer delivered to other 
areas of the grid. 

BRIEF DESCRIPTION OF THE INVENTION 

[0003] In one aspect, a method of operating a Wind farm 
includes a plurality of Wind turbine generators (WTGs) is 
provided. The method includes generating Wind turbine 
generator (WTG) availability data for each WTG. The 
method also includes generating Wide-area meteorological 
data for a ?rst geographical region. The method further 
includes generating narroW-area meteorological forecast 
data for a second geographical region by transmitting at least 
a portion of the Wide-area meteorological data to at least one 
resident narroW-area meteorological forecast algorithm. The 
?rst geographical region includes at least a portion of the 
second geographical region. The method also includes gen 
erating electric poWer production forecast data by using at 
least one resident electric poWer production forecast algo 
rithm to manipulate the WTG availability data and the 
narroW-area meteorological forecast data. 
[0004] In another aspect, a production forecasting system 
for an electric poWer generator is provided. The system 
includes at least one meteorological forecast input channel 
con?gured to transmit at least one Wide-area meteorological 
forecast data signal. The system also includes at least one 
resident narroW-area meteorological forecast algorithm con 
?gured to receive the at least one Wide-area meteorological 
forecast data signal. The narroW-area meteorological fore 
cast algorithm is further con?gured to generate and transmit 
at least one narroW-area meteorological forecast data signal. 
The system further includes at least one resident electric 
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poWer generation availability algorithm con?gured to gen 
erate and transmit at least one electric poWer generation 
availability data signal. The system also includes at least one 
resident electric poWer production forecast algorithm con 
?gured to receive the at least one narroW-area meteorologi 
cal forecast data signal and the at least one electric poWer 
generation availability data signal. The at least one resident 
electric poWer production forecast algorithm is further con 
?gured to generate and transmit at least one electric poWer 
production forecast data signal. 
[0005] In a further aspect, a forecasting netWork for a Wind 
farm having a plurality of Wind turbine generators (WTGs) 
is provided. The netWork includes at least one operational 
database comprising operational data and at least one meteo 
rological forecasting data source. The netWork also includes 
at least one production forecasting system coupled in elec 
tronic data communication With the at least one operational 
database and at least one meteorological forecasting data 
source. The at least one production forecasting system 
includes at least one meteorological forecast input channel, 
at least one resident narroW-area meteorological forecast 
algorithm, at least one resident electric poWer generation 
availability algorithm, and at least one resident electric 
poWer production forecast algorithm. The at least one 
meteorological forecast input channel is con?gured to trans 
mit at least one Wide-area meteorological forecast data 
signal. The at least one resident narroW-area meteorological 
forecast algorithm is con?gured to receive the at least one 
Wide-area meteorological forecast data signal. The narroW 
area meteorological forecast algorithm is further con?gured 
to generate and transmit at least one narroW-area meteoro 
logical forecast data signal. The at least one resident electric 
poWer generation availability algorithm is con?gured to 
generate and transmit at least one electric poWer generation 
availability data signal. The at least one resident electric 
poWer production forecast algorithm is con?gured to receive 
the at least one narroW-area meteorological forecast data 
signal and the at least one electric poWer generation avail 
ability data signal. The at least one resident electric poWer 
production forecast algorithm is further con?gured to gen 
erate and aggregate a plurality of electric poWer production 
forecast data signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is a schematic vieW of an exemplary Wind 
farm monitoring and forecasting network; and 
[0007] FIG. 2 is a schematic vieW of an exemplary Wind 
production forecasting system that may be used With the 
netWork shoWn in FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0008] FIG. 1 is a schematic vieW of exemplary Wind farm 
monitoring and forecasting netWork 100. Network 100 is 
con?gured to monitor a plurality of Wind turbine generators 
(WTGs) 102 typically collected Within a common geo 
graphical region (not shoWn in FIG. 1), i.e., hereon referred 
to as a Wind farm 102. Wind farm 102 includes a plurality 
of WTGs 103 that include monitoring devices (not shoWn in 
FIG. 1) that measure a plurality of predetermined opera 
tional parameters associated With a plurality of predeter 
mined portions of each of WTGs 103, These monitoring 
devices generate and transmit a plurality of measurement 



US 2008/0079263 A1 

data signals 101, wherein each of signals 101 is associated 
with a predetermined portion and parameter of WTGs 103. 
Measurement data signals 101 include, but are not limited 
to, rotational speeds of at least one electric power generator 
rotor (not shown in FIG. 1) and a plurality of generated 
electric power voltages and currents associated with wind 
farm 102. In the exemplary embodiment, such monitoring 
devices are coupled in electronic data communication with 
at least one electronic data communication device 104. 
Device 104 includes, but is not limited to, at least one 
Ethernet hub and/or signal conditioner con?gured within an 
Ethernet network (neither shown in FIG. 1). Alternatively, 
any combination of any electronic data devices in any 
con?guration is used. 
[0009] Network 100 is also con?gured to monitor a plu 
rality of meteorological conditions that are substantially 
representative of the geographic region that includes wind 
farm 102. Network 100 includes at least one meteorological 
data collection assembly 106. In the exemplary embodiment, 
assembly 106 is a meteorological mast positioned within 
wind farm 102 that includes a plurality of meteorological 
measurement devices (not shown in FIG. 1) that measure a 
plurality of meteorological conditions that include, but are 
not limited to, substantially instantaneous wind speed and 
direction, and ambient air pressure and temperature. These 
meteorological measurement devices generate and transmit 
a plurality of measurement data signals 105, wherein each of 
signals 105 is associated with predetermined meteorological 
measurements of wind farm 102. Alternatively, assembly 
106 is any device positioned anywhere wherein operational 
performance of network 100 as described herein is facili 
tated. Assembly 106 is coupled in electronic data commu 
nication with device 104. 

[0010] Network 100 is further con?gured to monitor at 
least one electric power transmission and distribution sub 
station 108 that is electrically coupled with wind farm 102. 
Network 100 further includes a plurality of monitoring 
devices (not shown in FIG. 1) that measure a plurality of 
predetermined parameters associated with a plurality of 
predetermined portions of substation 108. These monitoring 
devices generate and transmit a plurality of measurement 
data signals 107, wherein each of signals 107 is associated 
with a predetermined portion and parameter of substation 
108. Such monitoring devices are coupled in electronic data 
communication with device 104. Measurement data signals 
107 include, but are not limited to, status of electric power 
circuit breakers (not shown in FIG. 1) and a plurality of 
generated electric power voltages and currents associated 
with wind farm 102 and an electric power grid (not shown 
in FIG. 1) to which substation 108 is electrically coupled. 
[0011] Measurement data signals 101, 105 and 107 that 
are transmitted into device 104 as described above are 
typically collectively referred to as operational data signals 
109, Moreover, the data contained within such operational 
data signals 109 is referred to as operational data. Alterna 
tive embodiments may include additional electronic data 
sources. In the exemplary embodiment, operational data is 
recorded and transmitted substantially continuously. Alter 
natively, operational data may be recorded and transmitted 
with any periodicity that facilitates operational performance 
of network 100 as described herein. 

[0012] Device 104 is con?gured to receive operational 
data signals 109 as described above and is also con?gured to 
route and transmit such operational data signals 109 to a 
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plurality of destinations that include, but are not limited to, 
a Supervisory Control and Data Acquisition system 110, 
hereon referred to as SCADA 110, and at least one local 
monitoring station 112. SCADA 110 includes at least one 
computer (not shown in FIG. 1) that is con?gured to receive 
operational data signals 109. 
[0013] As used herein, the term computer is not limited to 
just those integrated circuits referred to in the art as a 
computer, but broadly refers to a processor, a server, a 
microcontroller, a microcomputer, a programmable logic 
controller (PLC), an application speci?c integrated circuit, 
and other programmable circuits (neither shown in FIG. 1), 
and these terms are used interchangeably herein. In the 
exemplary embodiment, memory may include, but is not 
limited to, a computer-readable medium, such as a random 
access memory (RAM) (neither shown in FIG. 1). Altema 
tively, a ?oppy disk, a compact disciread only memory 
(CD-ROM), a magneto-optical disk (MOD), and/ or a digital 
versatile disc (DVD) (neither shown in FIG. 1) may also be 
used. Also, in the exemplary embodiment, additional input 
channels (not shown in FIG. 1) may be, but not be limited 
to, computer peripherals associated with an operator inter 
face such as a mouse and a keyboard (neither shown in FIG. 
1). Alternatively, other computer peripherals may also be 
used that may include, for example, but not be limited to, a 
scanner (not shown in FIG. 1). Furthermore, in the exem 
plary embodiment, additional output channels may include, 
but not be limited to, an operator interface monitor and/or a 
printer (neither shown in FIG. 1). 
[0014] Processors for network 100, including those for 
SCADA 110, process information, including the operational 
data from device 104. RAM and storage devices store and 
transfer information and instructions to be executed by the 
processor. RAM and storage devices can also be used to 
store and provide temporary variables, static (i.e., non 
changing) information and instructions, or other intermedi 
ate information to the processors during execution of 
instructions by the processors. Instructions that are executed 
include, but are not limited to, resident averaging and 
forecasting algorithms. The execution of sequences of 
instructions is not limited to any speci?c combination of 
hardware circuitry and software instructions. 
[0015] SCADA 110 and station 112 are coupled in elec 
tronic data communication with device 104 that is con?g 
ured to transmit operational data signals 109 substantially 
continuously to SCADA 110 and station 112. Device 104 
transmits operational data signals 109 to SCADA 110 via at 
least one SCADA input channel 114. SCADA 110 includes 
at least one database server (not shown in FIG. 1). At least 
one database schema (not shown in FIG. 1) is electronically 
generated and stored within the database server within 
SCADA 110 and the database is con?gured to generate and 
store a plurality of database records (not shown in FIG. 1). 
SCADA 110 receives operational data signals 109 and uses 
a plurality of resident algorithms to manipulate at least a 
portion of the data received. For example, a plurality of 
averaging algorithms are con?gured to generate a plurality 
of database records of at least some of the measurements 
discussed above. At least some of such records include an 
approximate ten-minute average of the associated measure 
ment. For example, at least some of the records of meteo 
rological measurements received from assembly 106 via 
device 104 include, but are not limited to, ten-minute 
averages of wind speed and direction. Also, for example, at 



US 2008/0079263 A1 

least some of the records of individual WTGs 103 in wind 
farm 102 received via device 104 include, but are not limited 
to, ten-minute averages of generator electric power output, 
nacelle wind speed and direction, and operational status 
information. In the exemplary embodiment, a SCADA data 
base schema is con?gured such that the database records 
associated with operational data are stored on a per-WTG 
103 and a per-assembly 106 basis. Alternatively, the 
SCADA database schema may be con?gured in any manner 
that facilitates operation of SCADA 10 as de?ned herein. 

[0016] In the exemplary embodiment, SCADA 110 is 
coupled in two-way electronic data communication with at 
least one remote monitoring and diagnostics (RM & D) 
work station 116 and at least one remote user work station 
118. Alternatively, any number of work stations for any 
purpose are coupled to SCADA 110. Data signals 122 from 
SCADA 110 may be displayed on work stations 116 and 118 
while operational command signals 124 to SCADA 110 may 
be transmitted from either of work stations 116 and 118. 
Network 100 is con?gured to be facilitate remote access via 
the Internet. Such access includes security features known in 
the art. Moreover, network 100 is also con?gured to be 
scalable to include additional wind turbines and wind farms 

(neither shown). 
[0017] Network 100 is coupled in electronic data commu 
nication with at least one external meteorological forecast 
ing data source 120. In the exemplary embodiment, data 
source 120 includes, but is not limited to, eWindTM meteo 
rological forecasting services commercially available from 
AWS Truewind LLC, Albany, NY. Alternatively, any 
meteorological forecasting system or service, internal or 
external to network 100, that facilitates operation of network 
100 as described herein may be used with network 100. Data 
source 120 is con?gured to transmit regional, wide-area 
meteorological forecast data signals 126 for the geographi 
cal region that includes wind farm 102. Therefore, data 
signals 126 are wide-area wind forecast data signals. Data 
signals 126 may include, but are not limited to, wind speed 
and direction forecasts for time periods that range between 
one-hour to sixty-hours. In the exemplary embodiment, data 
signals 126 are received once every twelve hours. Alterna 
tively, data signals 126 are received with any periodicity that 
facilitates operation of network 100 as described herein. 

[0018] Network 100 also includes a wind production fore 
casting system 200 that facilitates network 100 in generating 
and transmitting at least one wind electric power production 
forecast data signal 202. System 200 is coupled in electronic 
data communication with data source 120 and SCADA 110. 
Moreover, system 200 is con?gured to receive data signals 
126 from data source 120 and data signals 122 from SCADA 
110 as is discussed further below. Coupling SCADA 110, 
system 200 and data source 120 in electronic data commu 
nication facilitates ?exibility with respect to physically 
positioning those components. For example, SCADA 110, 
system 200 and data source 120 may be positioned in 
separate geographical locations. In contrast, SCADA 110, 
system 200 and data source 120 may be functionally con 
?gured within a single computer (not shown). 
[0019] During operation, at least some of WTGs 103 are 
generating electric power by converting wind energy to 
electric energy as is known in the art. Such electric power is 
transmitted to substation 108 for further distribution and 
transmission. WTG output signals 101 are generated and 
transmitted by each of WTGs 103. Similarly, meteorological 
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data signals 105 and substation data signals 107 are gener 
ated and transmitted by meteorological data collection 
assembly 106 and substation 108, respectively. Data signals 
101, 105 and 107 are transmitted to device 104 wherein the 
data associated with signals 101, 105, and 107 is collectively 
transmitted to SCADA 110 via input channel 114 and local 
monitoring station 112 as operational data signals 109. The 
database within SCADA 110 receives and stores operational 
data derived from signals 109. Such operational data facili 
tates accurate wind farm production forecasting by provid 
ing accurate historical data to determine wind farm-speci?c 
wind speed and direction forecasts and to generate accurate 
models as discussed further below. Moreover, such data 
facilitates monitoring the current status of wind farm 102 
and each of WTGs 103 such that subsequent production 
forecasts may be adjusted for time-speci?c site conditions. 
[0020] SCADA 110 receives operation command signals 
124 from either/ or RM&D work station 116 and remote user 
work station 118. Similarly, work stations 116 and 118 
receive SCADA data signals 122. Wind production forecast 
ing system 200 also receives data signals 122. In the 
exemplary embodiment, system 200 receives data signal 122 
including operational data for the past hour in sets of six 
ten-minute averages. Also, in the exemplary embodiment, 
data signals 122 are con?gured in a comma separated 
variables (CSV) format with associated data tags as is 
known in the art. Alternatively, operational data in any 
con?guration with any periodicity and with any age of data 
that facilitates operation of network 100 as described herein 
may be used. Further, in the exemplary embodiment, 
regional meteorological forecast data signals 126 are trans 
mitted from at least one external meteorological forecasting 
data source 120 twice per day via the Internet, typically once 
every twelve hours. Alternatively, data signals 126 are 
transmitted with any periodicity and with any age of data 
that facilitates operation of network 100 as described herein. 
System 200 generates and transmits wind electric power 
production forecast signal 202 as described further below. 

[0021] FIG. 2 is a schematic view of exemplary wind 
production forecasting system 200 that may be used with 
network 100 (shown in FIG. 1). System 200 is coupled in 
electronic data communication with data source 120 that is 
con?gured to transmit meteorological forecast data signals 
126. System 200 may also be coupled in electronic data 
communication with at least one alternative meteorological 
data source 204 that includes, but is not limited to, off-site 
meteorological towers (not shown) that are similar to assem 
bly 106 (shown in FIG. 1) and radar pro?lers. Source 204 is 
con?gured to transmit meteorological data signals 206 that 
include, but are not limited to, substantially instantaneous 
wind speed and direction for regions adjoining the region 
that contains wind farm 102 (shown in FIG. 1). Therefore, 
data signals 206 are wide-area wind forecast data signals. 

[0022] In the exemplary embodiment, system 200 is 
coupled in electronic data communication with SCADA 110 
in an object linking and embedding (OLE) for process 
control (OPC) data-sharing con?guration that is known in 
the art. Alternatively, any method of coupling system 200 in 
electronic data communication with SCADA 110 that facili 
tates data transfer as described herein is used. System 200 
includes a ?ltering and sorting logic function block 207 that 
receives, sorts, ?lters and transmits data signals 122 to 
appropriate logic modules within system 200 as described 
further below. Function block 207 is coupled in electronic 
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data communication With SCADA 110 wherein data signals 
122 are con?gured to be transmitted to function block 207. 
Function block 207 is con?gured to ?lter and sort the 
associated data into at least tWo separate data streams that 
include substantially instantaneous Wind farm meteorologi 
cal data signals 208 and substantially instantaneous Wind 
farm electric poWer generation data signals 210. Data signals 
208 include, but are not limited to, ten-minute averages of 
Wind speed and direction. Data signals 210 include, but are 
not limited to, ten-minute averages of generator electric 
poWer output, nacelle Wind speed and direction, and opera 
tional status information that includes, but is not limited to, 
Wind turbine availability. 
[0023] System 200 also includes a Wind forecasting sub 
system 212. Sub-system 212 is con?gured to receive Wide 
area Wind forecast data from a plurality of sources, generate 
a predetermined number of Wide-area forecasts for a prede 
termined period of time, and subsequently transmit such 
forecasts to a Wind farm production forecast sub-system 214 
as discussed further beloW. 

[0024] Wind forecasting sub-system 212 includes a 
regional Weather model module 216 that is coupled in 
electronic data communication With data sources 120 and 
204 and function block 207. Module 216 is con?gured to 
receive data signals 126, 206 and 208 from data sources 120 
and 204 and function block 207, respectively. In the exem 
plary embodiment, data signals 208 are generated hourly 
While data signals 126 and 206 are typically generated once 
every tWelve hours. Alternatively, any periodicity of any 
data signal With data of any age received by module 216 that 
facilitates operation of system 200 as described herein is 
used. 
[0025] Module 216 includes a plurality of Mesoscale 
Atmospheric Simulation System (MASS)-based algorithms 
(not shoWn) that are con?gured to generate statistical and 
physics-based meteorological models that subsequently gen 
erate Wind farm-speci?c Wind speed and direction forecast 
model data signals 218. Such data is based on three 
dimensional regional simulations further based on a plurality 
of differential equations that represent basic physical prin 
ciples of conservation of mass, momentum and energy and 
the equation for state of air. Moreover, such forecast model 
data forms a meteorological model that is used to simulate 
a predetermined set of localiZed meteorological responses 
(static and dynamic) to at least one predetermined localiZed 
meteorological condition (static and dynamic). 
[0026] Sub-system 212 also includes an adaptive statistics 
module 220 that is coupled in electronic data communica 
tion With module 216. Module 220 is con?gured to receive 
data signals 218 from module 216. Module 220 is further 
con?gured to combine data signals 126 and 204 With data 
signals 208 to form Wind farm-speci?c meteorological fore 
cast data signals 222 and transmit data signals 222 to 
sub-system 214. Data signals 222 include, but are not 
limited to, Wind farm-speci?c Wind speed and direction 
forecast data for a predetermined period of time in the 
future. Data signals 222 are Wide-area Wind forecast data 
signals. 
[0027] Wind farm production forecast sub-system 214 
includes an external interface module 224 that is coupled in 
electronic data communication With sub-system 212 and 
function block 207. System 200 also includes a Wind pro 
duction forecasting (WPF) database 226 that is coupled in 
electronic data communication With sub-system 214, includ 
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ing, but not limited to, module 224. WPF database 226 
includes a plurality of electronic database records formed 
and populated in accordance With a predetermined schema. 
Module 224 is con?gured to receive data signals 222 and 
210 from sub-system 212 and function block 207, respec 
tively. Module 224 subsequently transmits data signals 222 
and 210 to database 226 for storage and subsequent trans 
mitting to other modules Within sub-system 214 as illus 
trated by arroWs and discussed further beloW. Module 224 is 
further con?gured to implement predetermined netWork 
protocols and formats to facilitate data exchange as 
described above and to periodically synchroniZe With 
sources 120, 204 and transfer function 207. 

[0028] Wind farm production forecast sub-system 214 
further includes a forecasting engine module 230 that is 
coupled in electronic data communication database 226. 
Forecasting engine module 230 is con?gured to transmit and 
receive data to and from, respectively, database 226. Fore 
casting engine module 230 includes at least one turbine 
speci?c transfer function block 232 for each of Wind tur 
bines 103 (shoWn in FIG. 1) in Wind farm 102. Function 
block 232 is con?gured to convert Wide-area meteorological 
data for Wind farm 102 into localiZed, narroW-area, Wind 
turbine-speci?c meteorological data for each of Wind tur 
bines 103. Speci?cally, function block 232 includes at least 
one algorithm that generates narroW-area Wind turbine 
speci?c Wind speed data signals 234 from Wide-area Wind 
farm-speci?c meteorological forecast Wind speed data sig 
nals 222 transmitted from Wind forecasting sub-system 212. 
[0029] Turbine-speci?c Wind speed data signals 234 are 
con?gured to be transmitted to at least one turbine-speci?c 
poWer curve model 236 Within forecasting engine module 
230. PoWer curve model 236 includes at least one algorithm 
that generates a mathematical model of electric poWer 
output versus Wind speed as a function of measured histori 
cal electric poWer generation for measured historical Wind 
speeds and directions. Such models 236 inherently include 
turbine- and equipment-speci?c performance characteristics 
as a function of a given Wind speed and direction that 
include, but are not limited to, blade rotational speed for 
given yaW and blade pitch positions. 
[0030] PoWer curve model 236 is con?gured to transmit a 
plurality of narroW-area, turbine-speci?c electric poWer pro 
duction forecast signals 238 that are con?gured to forecast 
electric poWer generation for a predetermined period of time 
as a function of Wind speed over such period of time. Signals 
238 are typically re?ective of rated electric poWer genera 
tion capabilities for substantially fully operational equip 
ment associated With a particular Wind turbine 103. Signals 
238 are con?gured to be transmitted to an availability model 
240 con?gured Within forecasting engine module 230 
Wherein model 240 is con?gured to receive signals 238. 
[0031] Model 240 includes at least one turbine-speci?c 
algorithm that is con?gured to modify signals 238 to gen 
erate availability module output signals 242 that are based 
on knoWn equipment conditions Within associated Wind 
turbine 103. For example, a correction factor can be gener 
ated based on short-term historical performance of model 
240 by comparing forecast data to actual data. Such com 
parison data can be applied to subsequent forecast data to 
improve forecast accuracy. Moreover, in the exemplary 
embodiment, model 240 includes tunable parameters Whose 
values are estimated from historical data. The model param 
eters can be re-estimated or updated based on recent obser 
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vations While possibly ignoring observations that exceed a 
predetermined age. The statistical poWer of the model is 
dependent on the siZe of the sample used for estimating the 
parameters, and because the sample siZe should achieve a 
good balance betWeen statistical poWer and adaptability to 
?uent site conditions, the sample siZe WindoW is typically 
calculated to facilitate model accuracy. Additionally, expo 
nential smoothing-based methods that gradually fade the 
effects of observations that exceed a predetermined age may 
be employed. 
[0032] Speci?cally, for example, if a particular Wind tur 
bine 103 is operationally derated due to conditions that 
include, but are not limited to, blade pitch mechanism (not 
shoWn) limitations, associated signal 238 is modi?ed to 
re?ect a decrease in the electric poWer generation capabili 
ties for associated Wind turbine 103. Also, speci?cally, if that 
particular Wind turbine 103 is to remain out of service for 
any portion of the predetermined period of time, associated 
signal 242 re?ects substantially Zero electric poWer genera 
tion for such portion of the period of time. 
[0033] In the exemplary embodiment, availability model 
240 is con?gured to transmit signals 242 for substantially all 
of Wind turbine generators 103 for Wind farm 102 to an 
aggregation function block 244. Function block 244 is 
con?gured to receive signals 242 and sum substantially all 
of signals 242 associated With a predetermined forecast 
period. Function block 244 is also con?gured to transmit 
Wind farm electric poWer production forecast data signals 
246 to database 226 for further use Within system 200. 

[0034] Sub-system 214 also includes a user interface mod 
ule 250 that is coupled in electronic data communication 
With database 226. Module 250 is con?gured to receive Wind 
farm electric poWer production forecast data signals 246 
from database 226 and transmit Wind electric poWer pro 
duction forecast signal 202 to external entities that include, 
but are not limited to, electric poWer dispatchers (not 
shoWn). Maintaining database 226 as a separate and distinct 
portion of system 200 facilitates ?exibility of system 200 
such that modules 214, 220, 224, 230 and 250 may be 
con?gured to be embedded Within differing and separate 
platforms With differing and separate operating systems. 
Module 250 is con?gured With a plurality of adaptor objects 
252 that include the front end objects that facilitate user 
interface With database 226 and module 250 as a function of 
the characteristics of database 226 and the associated plat 
form and operating system. Module 250 is also con?gured 
With a plurality of softWare components 254 that include a 
plurality of application platform- and operating system 
independent objects that execute a substantial portion of the 
back end processing. 
[0035] Wind electric poWer production forecast signals 
202 include short-term (IO-minute to 48-hour) forecasts of 
Wind farm 102 electric poWer production based on forecast 
Wind speeds and direction determined at a turbine-speci?c 
level. 

[0036] A method of operating Wind farm 102 that includes 
plurality of Wind turbine generators (WTGs) 103 includes 
generating Wind turbine generator (WTG) availability data 
for each WTG. The method also includes generating Wide 
area meteorological data for a ?rst geographical region. The 
method further includes generating narroW-area meteoro 
logical forecast data for a second geographical region by 
transmitting at least a portion of the Wide-area meteorologi 
cal data to at least one resident narroW-area meteorological 
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forecast algorithm. The ?rst geographical region includes at 
least a portion of the second geographical region. The 
method also includes generating electric poWer production 
forecast data by using at least one resident electric poWer 
production forecast algorithm to manipulate the WTG avail 
ability data and the narroW-area meteorological forecast 
data. 

[0037] During operation, Wind changes velocity and direc 
tion over periods of time Within the Wide-area region de?ned 
at least partially by Wind farm 102. Wind also changes 
velocity and direction Within the narroW-area regions 
de?ned locally for each of WTGs 103. Since electric poWer 
generation depends upon Wind energy delivered to WTGs 
103, the poWer output of Wind farm 102 may change rapidly. 
Such poWer output changes are re?ected in the voltage, 
current and frequency of the poWer outputs of the affected 
WTGs 103. Moreover, such output changes may induce 
voltage and frequency oscillations in the transmission and 
distribution grid (not shoWn) that Wind farm 102 is electri 
cally coupled to via substation 108. In some circumstances, 
such changes may initiate disconnecting Wind farm 102 
from the grid, thereby permitting Wind energy to not be 
converted to electric poWer. Disconnecting Wind farm 102 
from the grid may have economic rami?cations. 

[0038] System 200 receives rcgional, Widc-arca, mctcoro 
logical forecast data signals 126 from data source 120 via 
regional Weather model module 216 that resides in Wind 
forecasting sub-system 212. The Wide-area forecast data 
associated With data signals 126 includes Wind speed and 
direction forecasts betWeen one hour and sixty hours. In 
addition to data signal 126, module 216 may receive meteo 
rological data signals 206 from sources 204 that include 
substantially instantaneous Wind speed and direction for a 
Wide-area region that includes Wind farm 102. SCADA 110 
transmits meteorological data signals 208, that include sub 
stantially instantaneous Wind speed and direction, for a 
Wide-area region that includes Wind farm 102, to function 
block 207. Module 216 subsequently receives data signals 
208 from function block 207. Module 216 generates Wind 
farm-speci?c Wind speed and direction forecast model data 
signals 218 and transmits signals 218 to adaptive statistics 
module 220. Module 220 receives signals 218 and integrates 
the associated data to generate Wind farm speci?c meteoro 
logical forecast data signals 222 that include Wide-area, 
Wind farm-speci?c, Wind speed and direction forecast data 
for a predetermined time in the future. 

[0039] Data signals 222 are transmitted to external inter 
face module 224 contained Within Wind farm production 
forecast sub-system 214. Module 224 also receives data 
signals 210 that includes operational data associated With 
each individual WTG 103. Module 224 transmits data signal 
228 to WPF database 226 Wherein the data associated With 
data signals 222 and 210 are stored. A plurality of turbine 
speci?c transfer function blocks 232 receive data signals 228 
from database 226 and convert Wide-area meteorological 
data for Wind farm 102 into localiZed, narroW-area, Wind 
turbine-speci?c meteorological data for each WTG 103. 
Such narroW-area data is formed into turbine-speci?c Wind 
speed data signals 234 and are transmitted to turbine-speci?c 
poWer curve model 236. Model 236 generates and transmits 
poWer curve output signal 238 that includes data re?ective 
of turbine-speci?c electric poWer production forecast data 
that is based on the narroW-area turbine-speci?c meteoro 
logical data. The turbine-speci?c electric poWer production 
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forecast data is formed into signal 238 and is transmitted to 
availability model 240 wherein WTG-speci?c operational 
data is used to generate signal 242. Signal 242 includes data 
that is re?ective of turbine-speci?c electric power produc 
tion forecast for a predetermined period of time based on 
localized, narroW-area Wind forecasts as Well as knoWn 
turbine-speci?c equipment conditions. 
[0040] Signals 242 for each of WTGs 103 are transmitted 
to aggregation function block 244 Wherein a Wind farm 
electric poWer production forecast for a predetermined time 
in the future is generated and transmitted to database 226. 
Users interface With system 200 via user interface module 
250 to extract such Wind farm production forecast data. 
[0041] The method and apparatus for operating a Wind 
turbine generator as described herein facilitate operation of 
a Wind turbine generator. More speci?cally, the Wind pro 
duction forecasting system as described above facilitates an 
ef?cient and effective electric poWer production scheme. 
Moreover, the forecasting system facilitates decreasing the 
errors of accuracy of individual Wind turbine generator, and 
subsequently, Wind farm production forecasts such that sales 
of electric poWer generation may be made With increased 
con?dence. Such system therefore facilitates revenue gen 
eration based on electric poWer sales. Furthermore, the 
system as describe herein facilitates reliability of the asso 
ciated Wind farms and the electric poWer grids to Which they 
are electrically coupled. 
[0042] Exemplary embodiments of Wind production fore 
casting systems as associated With Wind turbine generators 
are described above in detail. The methods, apparatus and 
systems are not limited to the speci?c embodiments 
described herein nor to the speci?c illustrated Wind produc 
tion forecasting system. 
[0043] While the invention has been described in terms of 
various speci?c embodiments, those skilled in the art Will 
recogniZe that the invention can be practiced With modi? 
cation Within the spirit and scope of the claims. 

What is claimed is: 
1. A method of operating a Wind farm that includes a 

plurality of Wind turbine generators (WTGs), said method 
comprising: 

generating Wind turbine generator (WTG) availability 
data for each WTG; 

generating Wide-area meteorological data for a ?rst geo 
graphical region; 

generating narroW-area meteorological forecast data for a 
second geographical region by transmitting at least a 
portion of the Wide-area meteorological data to at least 
one resident narroW-area meteorological forecast algo 
rithm, Wherein the ?rst geographical region includes at 
least a portion of the second geographical region; and 

generating electric poWer production forecast data by 
using at least one resident electric poWer production 
forecast algorithm to manipulate the WTG availability 
data and the narroW-area meteorological forecast data. 

2. A method in accordance With claim 1 Wherein gener 
ating WTG availability data comprises receiving WTG 
operational data aged less than a predetermined period of 
time for each WTG and manipulating the WTG operational 
data via at least one resident electric poWer generation 
availability algorithm. 

3. A method in accordance With claim 2 Wherein gener 
ating WTG availability data further comprises determining 
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electric poWer production capabilities of each WTG as a 
function of a substantially instantaneous condition assess 
ment. 

4. A method in accordance With claim 1 Wherein gener 
ating Wide-area meteorological data comprises: 

receiving Wide-area meteorological forecast data for the 
?rst geographical region; 

receiving Wide-area meteorological operational data for 
the ?rst geographical region aged less than a predeter 
mined period of time; and 

merging at least a portion of the Wide-area meteorological 
forecast data With at least a portion of the Wide-area 
meteorological operational data. 

5. A method in accordance With claim 4 Wherein receiving 
Wide-area meteorological forecast data for the ?rst geo 
graphical region comprises receiving meteorological fore 
cast data for a geographical region that contains the Wind 
farm. 

6. A method in accordance With claim 1 Wherein gener 
ating narroW-area meteorological forecast data for a second 
geographical region comprises generating meteorological 
forecast data localiZed to each WTG. 

7. A method in accordance With claim 1 Wherein gener 
ating electric poWer production forecast data comprises 
summing the electric poWer production forecast data for 
each WTG. 

8. A production forecasting system for an electric poWer 
generator, said system comprising: 

at least one meteorological forecast input channel con?g 
ured to transmit at least one Wide-area meteorological 
forecast data signal; 

at least one resident narroW-area meteorological forecast 
algorithm con?gured to receive said at least one Wide 
area meteorological forecast data signal, Wherein said 
narroW-area meteorological forecast algorithm is fur 
ther con?gured to generate and transmit at least one 
narroW-area meteorological forecast data signal; 

at least one resident electric poWer generation availability 
algorithm con?gured to generate and transmit at least 
one electric poWer generation availability data signal; 
and 

at least one resident electric poWer production forecast 
algorithm con?gured to receive said at least one nar 
roW-area meteorological forecast data signal and said at 
least one electric poWer generation availability data 
signal, Wherein said at least one resident electric poWer 
production forecast algorithm is further con?gured to 
generate and transmit at least one electric poWer pro 
duction forecast data signal. 

9. A production forecasting system in accordance With 
claim 8 further comprising: 

at least one operational data interface portal; 
a Wind forecasting sub-system coupled in electronic data 

communication With said at least one operational data 
interface portal; 

an electric poWer production forecast sub-system coupled 
in electronic data communication With said at least one 
operational data interface portal and said Wind fore 
casting sub-system; and 

a Wind production forecasting (WPF) database coupled in 
electronic communication With said electric poWer gen 
erator production forecast sub-system. 

10. A production forecasting system in accordance With 
claim 9 Wherein said Wind forecasting sub-system is coupled 
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in electronic data communication With said at least one 
meteorological forecast input channel and comprises at least 
one adaptive statistics module, Wherein said at least one 
adaptive statistics module comprises a plurality of algo 
rithms con?gured to generate at least one meteorological 
model of at least a portion of a predetermined geographical 
region. 

11. A production forecasting system in accordance With 
claim 9 Wherein said at least one operational data interface 
portal is coupled in electronic data communication With at 
least one operational database, Wherein said at least one 
operational database comprises at least one table, said table 
comprises a plurality of operational data records, each of 
said plurality of data records comprises at least one of: 

electric generator operational data aged less than a pre 
determined period of time; and 

Wide-area meteorological operational data aged less than 
a predetermined period of time. 

12. A production forecasting system in accordance With 
claim 11 Wherein said electric poWer production forecast 
sub-system comprises at least one forecasting engine mod 
ule, Wherein said at least one forecasting engine module 
comprises said at least one resident electric poWer genera 
tion availability and production forecast algorithms, Wherein 
said electric poWer production forecast sub-system is con 
?gured to generate said electric poWer production forecast 
data signal based on at least one of: 

at least one Wide-area meteorological forecast; 
at least a portion of said operational database table 

comprising electric generator operational data aged less 
than a predetermined period of time; and 

at least a portion of said operational database table 
comprising Wide-area meteorological operational data 
that is aged less than a predetermined period of time. 

13. A production forecasting system in accordance With 
claim 9 Wherein said WPF database comprises: 

at least one Wide-area meteorological forecast table for a 
?rst geographical region comprising at least one Wide 
area Wind speed forecast value having at least one 
corresponding Wide-area Wind direction forecast value; 
and 

at least one narroW-area meteorological forecast table for 
a second geographical region comprising at least one 
narroW-area Wind speed forecast value having at least 
one corresponding narroW-area Wind direction forecast 
value, Wherein said ?rst geographical region comprises 
at least a portion of said second geographical region, 
Wherein said at least one narroW-area meteorological 
forecast table is at least partially derived from said at 
least one Wide-area meteorological forecast table via 
said at least one resident narroW-area meteorological 
forecast algorithm. 

14. A production forecasting system for an electric poWer 
generator in accordance With claim 13 Wherein said at least 
one Wide-area meteorological forecast data signal comprises 
data extracted from at least a portion of said at least one 
Wide-area meteorological forecast table. 

15. A production forecasting system for an electric poWer 
generator in accordance With claim 13 Wherein said at least 
one narroW area meteorological forecast data signal com 
prises data extracted from at least a portion of said at least 
one narroW-area meteorological forecast table. 
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16. A forecasting netWork for a Wind farm having a 
plurality of Wind turbine generators (WTGs), said netWork 
comprising: 

at least one operational database comprising operational 
data; 

at least one meteorological forecasting data source; and 
at least one production forecasting system coupled in 

electronic data communication With said at least one 
operational database and at least one meteorological 
forecasting data source, said at least one production 
forecasting system comprises at least one meteorologi 
cal forecast input channel, at least one resident narroW 
area meteorological forecast algorithm, at least one 
resident electric poWer generation availability algo 
rithm, and at least one resident electric poWer produc 
tion forecast algorithm, Wherein said at least one 
meteorological forecast input channel is con?gured to 
transmit at least one Wide-area meteorological forecast 
data signal, said at least one resident narroW-area 
meteorological forecast algorithm is con?gured to 
receive said at least one Wide-area meteorological 
forecast data signal, Wherein said narroW-area meteo 
rological forecast algorithm is further con?gured to 
generate and transmit at least one narroW-area meteo 
rological forecast data signal, said at least one resident 
electric poWer generation availability algorithm is con 
?gured to generate and transmit at least one electric 
poWer generation availability data signal, and said at 
least one resident electric poWer production forecast 
algorithm is con?gured to receive said at least one 
narroW-area meteorological forecast data signal and 
said at least one electric poWer generation availability 
data signal, Wherein said at least one resident electric 
poWer production forecast algorithm is further con?g 
ured to generate and aggregate a plurality of electric 
poWer production forecast data signals. 

17. A forecasting netWork for a Wind farm in accordance 
With claim 16 further comprising: 

at least one operational data interface portal; 
a Wind forecasting sub-system coupled in electronic data 

communication With said at least one operational data 
interface portal; 

an electric poWer production forecast sub-system coupled 
in electronic data communication With said at least one 
operational data interface portal and said Wind fore 
casting sub-system; and 

a Wind production forecasting (WPF) database coupled in 
electronic communication With said electric poWer gen 
erator production forecast sub-system. 

18. A forecasting netWork for a Wind farm in accordance 
With claim 17 Wherein said Wind forecasting sub-system is 
coupled in electronic data communication With said at least 
one meteorological forecast input channel and comprises at 
least one adaptive statistics module, Wherein said at least one 
adaptive statistics module comprises a plurality of algo 
rithms con?gured to generate at least one meteorological 
model of at least a portion of a predetermined geographical 
region. 

19. A forecasting netWork for a Wind farm in accordance 
With claim 17 Wherein said at least one operational data 
interface portal is coupled in electronic data communication 
With at said at least one operational database, Wherein said 
at least one operational database comprises at least one table, 



US 2008/0079263 A1 

said table comprises a plurality of operational data records, 
each of said plurality of data records comprises at least one 
of: 

electric generator operational data aged less than a pre 
determined period of time; and 

Wide-area meteorological operational data aged less than 
a predetermined period of time. 

20. A production forecasting system in accordance With 
claim 19 Wherein said electric poWer production forecast 
sub-system comprises at least one forecasting engine mod 
ule, Wherein said at least one forecasting engine module 
comprises said at least one resident electric poWer genera 
tion availability and production forecast algorithms, Wherein 
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said electric poWer production forecast sub-system is con 
?gured to generate said electric poWer production forecast 
data signal based on at least one of: 

at least one Wide-area meteorological forecast; 

at least a portion of said operational database table 
comprising electric generator operation data that is 
aged less than a predetermined period of time; and 

at least a portion of said operational database table 
comprising Wide-area meteorological operational data 
that is aged less than a predetermined period of time. 


